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SUMMARY 

The  explosives  compatibility  properties  of  a  number  of 
commercial  epoxy  resin  materials  are  discussed  and 
reported  and  an  account  is  given  of  hazard  appraisal  and 
compatibility  tests  of  several  reactive  hardener  components 
and  of  resin-hardener  mixtures  in  the  uncured  condition. 
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1  INTRODUCTION 

Most  epoxy  resin  systems  can  be  classified  into  two  groups  according  to 
whether  the  cure  proceeds  satisfactorily  at  ambient  temperatures  or  whether 
heating  is  required.  In  general  cold-curing  systems  require  the  use  of 
curing  agents  which  are  chemically  more  reactive  than  those  used  for  hot 
curing.  There  are  a  few  intermediate  systems  using  rather  less  active 
hardeners  and  requiring  longer  ambient  temperature  cures  but  even  with  these, 
the  full  strength  of  the  resin  is  not  obtained  without  some  heating. 

When  epoxy  resins  first  became  commercially  available  it  was  soon  realised 
that  the  hardener  components  of  the  cold-curing  varieties  were  usually 
severely  incompatible  with  many  important  explosives.  In  several  cases 
ignition  of  the  explosive  occurred  within  a  few  seconds  of  its  being  contami¬ 
nated  with  the  hardener  and,  in  consequence,  an  almost  complete  ban  was 
imposed  in  this  country  on  the  use  of  cold-curing  epoxides  in  circumstances 
where  any  possibility  of  contact  with  explosives  existed.  More  attention  was 
given  to  the  selection  of  suitable  hot-curing  systems  and  specifications 
were  produced  which  made  explosives-compatible  grades  of  these  materials 
available  for  use.  However,  the  cure  temperatures  for  these  compounds  are 
too  high  to  be  tolerated  by  most  explosives  and  their  use  must,  in  general, 
be  restricted  to  unfilled  components. 

The  ban  on  cold-setting  epoxides,  because  of  incompatibility,  has  been  a 
considerable  handicap.  Their  properties  are  excellent  in  most  other  respects 
and  in  recent  years  the  purchase  of  many  types  of  foreign  ammunition,  later 
examined  for  possible  incompatibilities  between  components,  has  brought  to 
light  several  instances  where  cold-setting  epoxides  have  been  used.  In  some 
cases  this  has  been  because  of  ignorance  of  possible  effects  or  lack  of 
proper  precautions  to  avoid  the  use  of  incompatible  materials,  but  often  the 
epoxides  have  been  used  in  an  apparently  reasonable  and  safe  manner.  Also, 
a  few  cold-setting  systems  have  emerged  with  better  compatibility  properties. 

It  has  become  clear  therefore  that  there  is  a  considerable  advantage  to  be 
gained  by  a  less  rigid  approach  to  the  problem  and  it  was  the  object  of  the 
work  reported  here  to  explore  the  limits  within  which  cold-setting  epoxides 
can  be  safely  and  advantageously  used  with  explosives.  At  the  same  time, 
the  opportunity  has  been  taken  to  present  some  part  of  the  information 
relating  to  compatibility  tests  made  at  ERDE  with  both  hot-  and  cold-curing 
systems  over  past  years. 


2  NATURE  OF  INCOMPATIBILITY  BETWEEN  EPOXY  RESINS  AND  THEIR 
COMPONENTS  AND  EXPLOSIVES 

Most  cold  curing  epoxy  systems  employ  hardeners  which  Eire  either  fairly 
simple  amines  or  contain  reactive  simine  groups,  and  it  is  these  compounds 
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which  are  responsible  for  most  compatibility  problems.  Many  amines  react 
readily  with  organic  nitrate  esters  including  nitroglycerine  and  nitrocellulose. 
The  reactions  are  complex  but  some  indication  of  their  nature  can  be  obtained 
from  the  behaviour  of  model  compounds  such  as  ethyl  nitrate  and  piperidine. 

In  this  case  N-ethylpiperidinium  nitrate  is  formed  in  fairly  high  yield  but 
there  are  several  other  products  as  well. 

Any  material  which  reacts  so  readily  with  explosives  is  clearly  incompatible, 
and  this  ease  of  reaction  often  extends  to  nitroaromatics  and  nitramines  such 
as  tetryl,  TNT,  RDX  and  HMX  as  well  as  compositions  based  on  NG  and  NC.  Also, 
the  reactions  are  strongly  exothermic  and  the  heat  which  is  produced  may  raise 
the  temperature  of  the  surrounding  explosive  mass  to  its  ignition  point.  How¬ 
ever  it  should  be  noted  that  there  are  many  explosive  compositions  including 
most  pyrotechnics  and  primary  explosives  and  composite  propellants  to  which 
these  statements  do  not  apply,  and  in  these  cases  it  is  usually  possible  to 
use  cold-setting  epoxides  with  satisfactory  results. 

When  assessing  an  epoxy  resin  system  in  regard  to  compatibility  a  number  of 
other  factors,  besides  the  properties  of  the  hardener,  must  be  considered. 

For  use,  the  hardener  is  greatly  diluted  by  mixing  with  the  epoxy  resin,  and 
the  properties  of  this  freshly-prepared  mixture  are  of  importance  should 
contact  between  it  and  explosives  occur  either  by  intention  or  by  accident 
before  full  cure  is  obtained. 

The  cured  resin  itself  may  be  required  to  be  in  contact  with  explosives 
during  long  storage  periods  and  its  compatibility  in  this  respect  must  be 
assessed  and,  when  considering  either  the  cured  or  uncured  resins,  some 
account  should  be  taken  of  the  consequences  of  incorrect  formulation  and  in 
particular  the  use  of  an  excessive  quantity  of  hardener. 

The  uncured  epoxy  resins  to  which  the  hardeners  are  added  are  usually  chemi¬ 
cally  compatible  with  explosives  and  residual  incompatibility  in  the  cured  or 
partially  cured  material  may  be  ascribed  to  a  proportion  of  unreacted  or 
partially  reacted  hardener.  It  is  not  unusual  to  find  that  the  more  reactive 
hardeners,  those  which  are  most  incompatible  with  explosives,  give  cured 
resins  of  improved  compatibility,  presumably  because  of  the  completeness  of 
their  cure  reaction. 


3  MATERIALS  TESTED 

In  most  cases  materials  are  identified  by  the  manufacturer's  code  name. 

Further  information  is  available  from  the  firms'  published  data  sheets.  In 
general  there  are  no  Government  specifications  controlling  the  chemical  compo¬ 
sitions  of  these  materials,  although  with  some  an  element  of  control  can  be 
exercised  by  QAD  (Mat)  through  existing  Approved  Firm's  Schedules.  This  is 
always  an  important  consideration  for  materials  required  to  be  compatible  with 
explosives,  since  assurance  is  required  that  the  formulation  of  the  material 
tested  will  not  be  changed  without  notification  to  the  Inspection  Authority. 
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4  EXPERIMENTAL 

4  1  Hazard  Tests  with  Hardener  Ingredients 

A  simple  contact  test  has  been  used  in  this  laboratory  for  many  years  to 
decide  whether  substances  submitted  for  compatibility  assessment  are  likely 
to  cause  a  hazard  during  testing.  0.5  g  of  the  material  is  mixed  with  1  g 
of  explosive  or  propellant  and,  if  no  obvious  effect  is  produced  within  a 
few  minutes,  the  mixture  is  heated  on  a  water  bath  at  100°C  for  several  hours. 

This  test  was  applied  to  the  CIBA  hardeners  (Table  1)  and  in  several  cases 
ignition  occurred  at  100°C  but  not  at  room  temperature.  Ignition  in  this 
type  of  experiment  largely  depends  upon  whether  the  heat  produced  in  the 
reaction  is  dissipated  sufficiently  to  prevent  self-heating  of  the  mixture 
to  its  ignition  temperature.  In  an  attempt  to  increase  the  likelihood  of 
ignition  at  normal  temperatures,  the  tests  in  which  this  had  occurred  with 
the  heated  mixtures  but  not  in  the  cold  were  repeated  in  close-fitting, 
expanded-polystyrene  insulation  jackets  1  inch  thick  (Table  2).  This 
procedure  was  also  used  to  study  the  effects  of  reducing  the  amounts  of 
added  hardener  which  were  necessary  to  produce  ignition  of  the  explosives 
(Table  3). 

The  hardener/explosive  combinations  which  had  ignited  at  100°C  but  not  at 
room  temperature  were  further  examined  by  heating  them  at  5°C/min  and  noting 
the  temperature  of  ignition  (Table  4). 

Further  data  on  hardeners  used  by  CIBA  and  other  manufacturers  are  presented 
in  Table  5.  These  results  have  been  obtained  in  the  course  of  a  number  of 
compatibility  investigations  and  most  of  the  materials  have  not  been  tested 
in  as  much  detail  as  the  CIBA  hardeners  listed  in  Tables  1  to  4. 

4  2  Tests  of  Uncured  Resin/Hardener  Mixtures 

The  properties  of  freshly-prepared,  resin-hardener  mixtures  were  examined  by 
similar  contact  tests  using  the  polystyrene  jackets.  The  mixtures  were 
prepared  both  in  the  recommended  proportions  and  also  with  twice  the  required 
amount  of  hardener.  Tests  were  made  with  a  double-base  propellant  and  with 
CE  at  ambient  temperature  for  24  hours  against  mixtures  containing  those 
hardeners  which  had  previously  caused  ignition.  The  results  in  Table  6 
record  an  ignition  in  only  one  case,  but  nearly  all  the  mixtures  showed 
evident  signs  of  reaction  with  CE  by  reason  of  the  deep  red  coloration  which 
was  produced.  The  only  hardener  to  appear  entirely  satisfactory  in  these 
tests  was  HT  97 2,  and  with  one  or  tv/o  other  exceptions  where  the  hardeners 
are  compatible  even  before  mixing,  the  uncured  mixtures  are  not  suitable 
materials  to  be  placed  in  contact  with  explosives. 

4  3  Tests  of  Cured  Resins 

Table  7  contains  the  results  obtained  from  the  tests  of  cured  Araldite 
systems  following  the  standard  procedures  usually  applied  in  compatibility 
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tests  at  ERDE  a  general  account  of  which  is  given  in  the  Appendix.  In  the 
present  case  the  Silvered  Vessel  test  for  propellants  and  the  Vacuum  Stability 
test  for  high  explosives  were  applied.  Table  8  lists  the  results  obtained 
during  past  tests  of  a  number  of  other  cured  epoxy  resins. 


5  RESULTS 

5  1  Double-Base  Propellants 

As  has  been  observed  with  many  previous  tests,  the  Silvered  Vessel  compatibil¬ 
ity  results  in  Table  7  are  higher  than  the  control  test  levels,  with  the  epoxy 
resin  appearing  to  act  as  a  propellant  stabiliser.  This  is  not  surprising  in 
view  of  the  structure  of  these  materials,  made  from  aromatic  epoxides  which 
can  be  fairly  readily  nitrated.  However,  there  are  other  aspects  of  their 
compatibility  with  propellants  which  are  less  satisfactory.  It  has  already 
been  mentioned  that  the  room-temperature,  amine-cured  systems  are  almost 
always  left  with  traces  of  unreacted  hardeners  and  the  effects  of  these  can 
often  be  easily  detected  by  other  methods  of  compatibility  testing.  In  many 
cases,  propellants  kept  in  contact  with  cured  epoxy  resins  of  this  type  in 
accelerated  ageing  tests  will  be  found  to  lose  their  stabiliser  content  at  an 
excessive  rate  and  to  produce  greater  volumes  of  gas  and  greater  quantities  of 
heat.  The  extent  of  this  accelerated  decomposition  varies  with  the  resin 
system  and  under  the  Silvered  Vessel  test  conditions  it  usually  peters  out 
without  producing  enough  self-heating  to  cause  fume-off.  The  resin  material, 
after  the  reaction  of  the  residual  active  hardener,  can  then  supplement  the 
action  of  the  propellant  stabiliser  to  give  an  increased  test  time. 

Therefore,  although  the  Silvered  Vessel  test  gives  a  considerable  degree  of 
assurance  in  regard  to  the  safety  of  the  cured  resins  in  contact  with  double¬ 
base  propellants,  their  acceptance  should  also  be  judged  in  relation  to  the 
possible  effects  that  the  increased  heat  evolution,  gassing  and  chemical 
deterioration  of  the  propellant  may  have. 

Conclusions  reached  from  stabiliser  consumption  and  other  trials  where 
available  are  included  in  Table  8,  and  there  are  comparatively  few  systems 
which  give  no  sign  of  incompatibility  by  these  methods  although  this  is  often 
within  acceptable  limits. 

5  ?.  High  Explosives 

The  Vacuum  Stability  compatibility  test  is  a  direct  indication  of  reaction 
with  the  explosive  and  the  results  are  perhaps  easier  to  interpret.  In  most 
cases  the  acceptance  limit  is  set  at  a  gas  evolution  of  5  cm3  from  5  g  of 
explosive  in  the  test.  This  gas  is  not  produced  by  the  complete  breakdown 
of  a  minute  part  of  the  explosive  to  entirely  gaseous  products  but  by  decompo¬ 
sition  of  a  larger  proportion  to  a  mostly  non-volatile  residue  and  possibly 
only  one  or  two  moles  of  gas.  The  upper  acceptance  limit  thus  corresponds  to 
an  extent  of  decomposition  which  is  in  the  order  of  1%  for  the  usual  high 
explosives. 
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Experience  has  shown  that  a  large  majority  of  synthetic  materials  pass  this 
test  and  there  is  no  reason  to  suppose  that  to  base  judgements  upon  it  is 
unduly  restrictive.  Nevertheless,  substances  which  pass  the  test  would,  if 
this  were  required  of  them,  bo  considered  as  suitable  additives  for  mixing 
as  ingredients  in  the  explosive.  To  require  the  same  standard  from  a 
material  which  is  to  be  used  in  only  surface  contact  perhaps  over  a  small 
area,  or  merely  in  close  proximity  to  the  explosive  may  be  considered  excessi¬ 
vely  cautious.  This  argument  is  strongest  in  the  case  of  RDX/TNT  and 
related  explosives  where  for  many  years  it  has  been  customary  to  use  a  test 
temperature  of  120°C.  It  is  of  interest  to  contrast  the  results  obtained  with 
CE  tested  at  100°C  and  RDX/TNT  or  Torpex  tested  at  120°C  as  shown  in  Tables  7 
and  8.  It  is  immediately  obvious  that  the  volumes  of  gas  produced  by  RDX/TNT 
and  Torpex  are  in  the  great  majority  of  cases  much  higher  than  are  produced 
by  CE.  Many  of  the  resins  are  therefore  judged  as  incompatible  with  one 
explosive  but  compatible  with  the  other  although,  as  can  be  seen  in  the  100°C 
results  for  RDX/TNT  in  Table  7»  this  is  principally  because  the  test  tempera¬ 
tures  are  different.  Since  the  service  life  requirements  for  the  two 
explosives  as  part  of  the  same  warhead  are  almost  certain  to  be  the  same  there 
appears  to  be  no  valid  reason  for  this.  The  test  at  100°C  for  40  h  is  in  any 
case  a  severe  one  which  some  other  explosive  components,  eg  propellants, 
would  not  be  expected  to  pass  and  which,  applying  the  usual  temperature 
factors  to  explosive  decomposition  is  a  considerable  over-test  in  terms  of 
normal  service  life  requirements.  Also,  since  explosives  containing  TNT 
cannot  be  used  above  about  75°C  because  of  melting,  it  seems  inappropriate  to 
require  better  compatibility  for  them  at  high  temperatures  than  for  CE.  There 
is  thus  a  strong  argument  for  changing  the  present  procedure  to  introduce  a 
common  temperature  of  100°C  for  compatibility  testing  with  all  high  explosives 
based  on  RDX,  HMX,  TNT,  PETN,  ammonium  nitrate  and  CE  unless  there  is  a 
specific  requirement  for  high  temperature  stability. 

A  further  important  consideration,  particularly  with  TNT  explosives,  is  the 
absence  of  excessive  alkalinity  or  acidity.  The  amine  type  hardeners  some¬ 
times  leave  the  cured  resins  with  a  perceptibly  alkaline  reaction  which  is 
undesirable.  These  aspects  are  taken  into  account  in  Table  8  in  which  the 
compatibility  judgements  for  the  various  resin  systems  are  given. 

5  3  Other  Explosives 

This  report  has  been  principally  concerned  with  compatibility  with  nitro¬ 
cellulose-based  propellants  and  the  usual  military  high  explosives  but  it 
would  not  bo  complete  without  an  indication  of  properties  in  relation  to  the 
large  number  of  other  explosives  which  are  in  use. 

531  Composite  Propellants  Including  Plastic  Propellants 

No  instance  of  incompatibility  with  cured  or  uncured  epoxy  resins  has  been 
reported  with  composite  propellants,  consisting  essentially  of  ammonium 
perchlorate  and  a  polymeric  binder,  or  with  plastic  propellants  typified  by 
RD  2304  and  containing  ammonium  pi crate.  A  reservation  must  however  be  made 
in  the  case  of  systems  with  high  residual  alkalinity. 
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532  Other  High  Explosives 

This  group  includes  amatols,  minols,  Torpexes,  pentolite,  baratol,  RDX/Wax, 
RDX/Nylon,  and  other  RDX-  and  HMX-based  explosives.  In  general  their 
behaviour  tends  to  resemble  RDX/TNT  or  CE  and  the  results  for  these  explosives 
can  be  taken  as  an  indication  of  the  likely  effect  of  the  epoxy  resins. 
Supplementary  results  covering  some  combinations  are  given  in  Table  8. 

5  3  3  Initiatory  Explosives 

Direct  contact  between  most  of  the  common  initiatory  explosives  and  epoxy 
resins  or  their  components  does  not  appear  to  introduce  a  serious  risk  of 
chemical  reaction  leading  to  explosion. 

For  example,  neither  the  reactive  amine  hardeners  such  as  Araldite  HY  951  and 
HY  956  nor  uncured  epoxy  resins  have  any  immediately  dangerous  effect  on 
initiators  such  as  lead  azide,  LDNR  or  lead  or  barium  styphnate  although  some 
obvious  reaction  paths  exist  such  as  the  formation  of  volatile  azides. 

Similarly  with  cured  resins,  no  instances  of  direct  chemical  incompatibility 
can  be  cited  although,  as  always  with  initiatories,  the  possible  effects  on 
physical  sensitiveness  must  also  be  considered. 

Some  adverse  effects  should  however  be  mentioned.  Absorption  of  an  uncurcd 
or  partially  cured  liquid  resin  by  an  initiator  explosive  would  be  expected  to 
cause  a  great  reduction  in  sensitiveness  and  this  combination  of  materials  is 
therefore  not  advisable.  More  serious  is  the  incompatibility  observed  when 
small  specimens  of  lead  azide  are  exposed  in  proximity  to  relatively  large 
amounts  of  epoxy  resins.  Considerable  decomposition  of  the  azide  occurs  in 
these  circumstances  and  all  epoxy  resins  are  therefore  included  among  the 
large  number  of  synthetic  materials  which,  because  of  similar  effects,  have 
been  judged  as  unsuitable  for  use  in  fuzes  and  other  assemblies  containing 
unsealed  lead  azide  detonators.  Lead  azide  is  especially  susceptible  to  this 
type  of  incompatibility  but  the  possibility  of  such  effects  must  be  borne  in 
mind  whenever  it  is  proposed  to  expose  small  increments  of  any  explosive  over 
long  periods  to  the  vapours  emitted  from  very  much  larger  quantities  of 
synthetic  materials,  particularly  in  sealed  systems.  However,  no  other  proven 
examples  applying  to  epoxy  resins  can  be  cited  at  present. 

53^  Pyrotechnics  and  Gunpowder 

No  instances  of  chemical  incompatibility  which  could  lead  to  a  hazard  have 
been  reported  and  epoxy  resins  have  been  used  with  many  pyrotechnic  composi¬ 
tions  as  adhesives,  moulded  components  and  in  some  cases  as  binder  ingredients 
for  the  explosives. 

The  large  number  of  pyrotechnics  makes  it  impossible  to  reach  a  general 
conclusion  that  there  can  be  no  incompatibilities  with  epoxy  resins  but 
certainly  these  are  uncommon.  Gunpowder  has  also  been  tested  with  many  epoxy 
systems  but  no  adverse  effects  have  been  noted.  However,  the  same  reserva¬ 
tions  as  were  made  about  initiators  also  apply  to  pyrotechnics.  Liquid, 
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uncured  resins  applied  to  these  compositions,  would  be  absorbed  with  consequent 
effects  on  performance,  and  vapours  from  plastics,  including  epoxy  resins, 
might  conceivably  cause  deterioration  of  small  pyrotechnic  devices  such  as 
delay  sleeves  under  unfavourable  circumstances.  This  possibility  is  known  to 
exist  but  no  case  involving  an  epoxy  resin  has  been  found. 


6  CONCLUSIONS 

6  1  The  compatibility  properties  of  epoxy  resins  and  their  ingredients  with 
explosives  vary  considerably  and  there  will  be  notable  exceptions  to  any 
general  statements  of  properties  such  as  appear  in  these  conclusions.  This 
should  be  appreciated  and  no  assumptions  should  be  made  regarding  the  compati¬ 
bility  of  these  materials,  until  appropriate  tests  are  known  to  have  been  made 
with  the  resin  in  question. 

6  2  The  uncured  epoxide  resin  components  of  most  commercially-available , 
epoxide  systems  are,  as  a  rule,  chemically  compatible  with  most  explosives. 

6  3  The  hardener  components  of  those  epoxy  resins  which  can  be  cured  at 
ambient  temperatures  or  with  moderate  heat  are  frequently  dangerously  incompa¬ 
tible  with  colloidal  propellants  and  high  explosives  (Tables  1  to  5) • 

Hardeners  known  to  be  in  this  class  include: 


CIBA 

Shell 

Borden 

Others 

HY951 

K61A 

M715 

Versamid  115 

HI956 

K61B 

EHL5 

Versamid  125 

HY960 

HY992 

HV100 

HY219 

HY953F 

EHL7Z 

Piperidine 

Triethylenetetramine 

N-aminoethyl  piperazine 

64  A  few  hardeners  for  cold-  or  warm-setting  systems  are  judged  to  be  safe 
for  use  with  explosives.  These  include: 

CIBA  Borden 

HY830  (and  Accelerator  DY83O)  EHR1 

HY850  EHM4 

6  5  Newly-prepared  and  uncured  mixtures  of  resins  and  hardeners  in  the 
recommended  proportions  do  not  as  a  rule  cause  ignition  of  propellants  or 
explosives  in  laboratory  tests  (Table  6).  In  nearly  all  cases  this  is  still 
true  when  twice  the  recommended  proportion  of  hardener  is  added  and  such 
mixtures  are  much  less  hazerdous  than  the  hardeners  themselves. 
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6  6  Many  cold-  or  warm-setting  epoxy  resins  when  fully  cured  are  compatible 
with  at  least  some  propellants  and  high  explosives  (Tables  7  and  8).  When 
incompatibility  is  observed,  it  is  rarely  extreme  enough  to  cause  an  immediate 
hazard,  although  long-term  effects  are  less  certain. 

6  7  The  problem  of  incompatibility  with  cold-curing  epoxides  is,  in  general, 
restricted  to  colloidal  propellants  and  high  explosives.  No  case  of  extreme 
and  hazardous  incompatibility  has  arisen  with  primary  explosives,  gunpowder, 
pyrotechnics  or  composite  propellants,  although  some  adverse  effects  are 
possible. 

6  8  Hot-cured  epoxides  with  anhydride-type  hardeners  are  usually  compatible 
or,  at  worst,  only  moderately  incompatible  with  explosives.  Some  materials  of 
this  type  have  been  supplied  for  several  years  in  explosives-compatible  grades 
to  "Type  X"  specifications. 
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METHODS  OF  COMPATIBILITY  TESTING 


1  PROCEDURES  FOR  PROPELLANTS  (SINGLE-,  DOUBLE-  AND  TRIPLE-BASE) 

1  1  Silvered  Vessel  Test 

This  test  measures  the  time  taken  by  a  propellant,  heated  at  80°C,  to  reach  a 
stage  of  decomposition  in  which  fuming  and  self-heating  become  evident.  By 
careful  standardisation  of  the  conditions,  reproducible  results  are  obtained 
and  the  effect  of  contaminating  the  propellant  with  a  %  addition  of  the 
material  under  examination  for  compatibility  can  be  measured. 

The  test  material  is  ground  or  rasped  into  small  fragments  and  mixed  with 
ground  propellant  in  the  proportion  1:20.  The  mixture  is  filled  into  a 
"Silvered  Vessel",  which  is  a  spherical,  silvered,  vacuum- jacketed  flask  of 
about  90  cm3  capacity  with  a  long  horizontal  side-arm  joined  to  its  narrow 
neck.  Ihe  flask,  when  full  contains  70  g  of  propellant/sample  mixture  which 
has  to  bo  compressed  quite  firmly.  The  neck  of  the  flask  is  closed  by  a 
cork  which  carries  a  thermometer  whose  bulb  rests  at  the  centre  of  the 
spherical  part  of  the  flask. 

^Ne  flask  is  heated  in  a  special  bath  and  observed  for  either  increase  in 
temperature  or  the  commencement  of  the  evolution  of  brown  fumes  which  appear 
in  the  long  side  arm.  By  looking  down  the  side-arm  and  arranging  a  white 
screen  behind  the  flask,  the  fuming  can  be  easily  seen.  The  first  signs  of 
fuming  are,  in  most  instances,  quickly  followed  by  an  increase  in  temperature. 
The  test  is  terminated  when  the  temperature  rises  to  82°C,  and  this  usually 
occurs  between  12  and  24  hours  after  commencement  of  fuming.  The  test  time 
is  compared  with  that  obtained  from  the  propellant  tested  alone  in  a  similar 
manner. 

Most  Service  propellants  have  a  time  to  fuming  in  the  test  which  is  inconveni¬ 
ently  long  and  a  special  propellant  type  composition,  designated  F527/327  with 
the  following  composition  is  therefore  used. 


Nitrocellulose  (13.2%  N)  37  ) 

)  93.5% 

Nitroglycerine  58  ) 

Dibutyl  Phthalate  6% 

2-Nitrodiphenylamine  0.5% 


The  decomposition  of  this  composition  is  observed  after  about  650  hours  at 
80°C  and  the  limit  of  acceptability  in  compatibility  tests  is  at  66%  of  the 
observed  result  for  the  propellant  alone. 
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1  2  Stabiliser  Consumption  Tests 

Mixtures  of  propellant  and  test  material  (20:1)  are  heated  in  closed  glass 
tubes.  The  mixture  is  analysed  for  residual  stabiliser  at  the  end  of  the  test, 
and  the  loss  of  stabiliser  in  the  test  is  compared  with  that  occurring  with  the 
propellant  heated  alone  under  similar  conditions.  The  usual  weight  of  propel¬ 
lant  taken  is  5  g,  and  the  temperature  and  time  of  heating  are  chosen  so  that 
the  propellant,  when  heated  alone,  loses  a  measurable,  but  not  excessive 
amount  of  stabiliser.  For  most  double-base  gun  propellants  this  requires  2  to 
4  weeks  heating  at  80°C,  but  with  propellants  of  lower  stabiliser  content, 
lower  temperatures  can  sometimes  be  used. 

Materials  are  judged  to  be  satisfactorily  compatible  if  they  cause  less  than 
a  33#  increase  in  the  amount  of  stabiliser  lost  by  the  propellant. 


2  PROCEDURE  FOR  HIGH  EXPLOSIVES 
Vacuum  Stability  Test 

Most  compatibility  testing  with  high  explosives  is  carried  out  by  means  of 
the  Vacuum  Stability  test,  the  procedure  for  which  is  similar  to  that  given 
in  QAD(Mats)  Method  EB26.  For  compatibility  tests,  a  mixture  of  5  g  of 
explosive  and  0.25  g  of  test  material  is  prepared  and  the  gas  evolved  during 
a  40  hour  heating  period  is  measured.  The  test  temperature  is  100°C  for  the 
following  explosives,  tetryl,  amatol,  PETN  (pentaerythritol  tetranitrate) , 
and  120°C  for  TNT,  RDX,  HMX,  RDX/TNT  and  similar  compositions.  The  test 
temperatures  were  chosen  so  that  the  explosive  when  heated  alone  should  give 
a  detectable  volume  of  gas  in  the  test. 

After  making  allowance  for  the  gas  evolved  by  the  explosive  and  material  when 
heated  separately  in  control  tests  the  acceptance  limit  for  gas  evolution  from 
the  mixture  is  5  cm3  at  STP  in  the  40  hour  test  period. 

Note:  The  shortened  method  of  calculation  given  in  Method  EB26  is  not  used. 


3  PROCEDURE  FOR  PYROTECHNICS  AND  INITIATORS 

The  methods  of  test  for  compatibility  with  these  explosives  have  not  been 
standardised,  but  often  consist  of  storage  tests  lasting  from  1  to  12  weeks, 
at  temperatures  up  to  80°C,  of  mixtures  of  explosive  and  test  material, 
followed  by  chemical  analysis  of  the  explosive  and  tests  for  possible  degra¬ 
dation  products. 

The  chemical  reactivity  of  many  of  these  explosives  is  greatly  influenced  by 
the  presence  of  water  and  the  storage  experiments  frequently  include  tests 
conducted  under  humid  conditions. 
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Where  the  explosive  is  to  be  used  in  very  small  amounts,  as  is  usually  the 
case  with  initiators,  attention  is  also  given  to  the  possible  effects  which 
may  result  from  being  enclosed  in  an  environment  containing  relatively  large 
amounts  of  other  materials.  These  materials  are  tested  by  enclosing  large 
quantities  (10  to  20  g)  in  a  sealed  container  together  with  a  much  smaller 
amount  of  the  explosive.  After  storage  at  60  or  80°C  often  under  humid 
conditions,  the  explosive  is  analysed  to  detect  excessive  deterioration. 


4  PROCEDURE  FOR  GUNPOWDER 
Small  Vessel  Test 

Most  compatibility  testing  with  gunpowders  is  carried  out  by  means  of  the 
Small  Vessel  test,  the  procedure  for  which  is  given  in  QAD( Mats) Method  EA20. 

For  compatibility  tests  a  mixture  of  2  g  of  gunpowder  with  0.1  g  of  test 
material  is  prepared  and  the  loss  in  weight  of  6  x  24  hour  heating  periods  at 
100°C  is  recorded.  The  degree  of  breakdown  is  indicated  by  the  loss  in  weight. 
After  making  allowance  for  the  loss  in  weight  of  the  gunpowder  and  material 
when  heated  separately  in  control  tests,  the  acceptance  limit  for  weight  loss 
from  the  mixture  is  excess  of  1%  of  its  original  weight  during  one  period  of 
heating.  The  loss  in  weight  during  the  first  period  includes  the  volatile 
matter  content  of  the  gunpowder  and  this  must  be  taken  into  account  when 
considering  whether  excessive  decomposition  has  occurred. 


5  OTHER  TESTS 

Most  materials  tested  for  compatibility  are  also  tested  for  excessive  acidity 
and  alkalinity.  This  is  done  by  examining  the  water  extract  prepared  from 
1  part  by  weight  of  material  to  10  parts  of  water.  The  pH  value  of  the  extract 
is  read  using  a  glass  electrode  and  calomel  electrode  assembly.  Values  between 
5  and  9  are  regarded  as  satisfactory  for  materials  used  in  contact  with 
explosives. 

Thermo-analytical  methods  are  also  used  for  assessing  compatibility  but 
procedures  are  not  standardised.  Differential  Thermal  Analysis  and 
Differential  Scanning  Calorimetry  give  useful  information,  particularly  when 
compatibility  at  high  temperatures  is  in  question. 

Thermo gravimetric  analysis  is  also  used  in  certain  instances,  more  particu¬ 
larly  with  pyrotechnics.  Heating  programmes  in  these  types  of  test  frequently 
include  periods  of  isothermal  heating.  The  application  of  the  vacuum 
stability  test  to  testing  for  compatibility  with  high  explosives  has  been 
described.  It  is  also  occasionally  used  for  tests  with  propellants  and 
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pyrotechnics,  particularly  those  containing  magnesium  powder.  In  this  latter 
instance  the  test  measures  the  reactivity  of  moisture  in  the  material  with 
magnesium.  The  temperature  of  these  tests  is  usually  lower  (60  or  80°C)  and 
the  test  time  longer  (up  to  14  days)  than  in  tests  with  high  explosives. 
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TABLE  3 

CONTACT  TRIALS  AT  ROOM  TEMPERATURE  UNDER  INSULATED  CONDITIONS 
TIME  TO  IGNITION  (IN  SECONDS) 


Hardener 

Proportion  of 
Explosive/Hardener 
(by  weight) 

F527/32? 

Propellant 

CE  Grade  I 
Crystn 

RDX/TNT 

60/40 

HY  951 

4/1 

10 

27 

8/1 

10 

27 

24/1 

10 

30 

HY  992 

4/1 

8 

20 

26 

5/1 

20 

6/1 

18 

8/1 

8 

18 

35 

20 

A 

24/1 

8 

22 

A 

HY  956 

4/1 

54 

8/1 

53 

12/1 

57 

24/1 

A 

HY  960 

4/1 

372 

8/1 

A 

N-aminoethyl  piperazine 

4/1 

5/1 

6/1 

8/1 

12/1 

24/1 

10 

10 

11 

30 

30 

28 

28 

44 

A 

A  -  No  ignition  in  24  hours 
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TABLE  4 

TEMPERATURE  OF  IGNITION  TESTS 
(EXPLOSIVE/HARDENER  1  g/0.5  g) 


Hardener 

F527/327 

Propellant 

CE  Grade  I 
Crystn 

rdx/tnt 

6o/4o 

HI  951 

60°C 

HI  956 

65°c 

70°c 

HI  960 

60°C 

90°C 

100°C 

(Ignited  105  seconds 
after  being  held  at 
100°C) 

HV  100 

100°C 

(Ignited  88  seconds 
after  being  held  at 
100°C) 

Polyamide  125 

90°C 

Polyamide  115 

100°C 

(Ignited  29  seconds 
after  being  held  at 
100°C) 

N-nminoethyl 

piperazine 

60°C 
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CONTACT  TRIALS  AT  ROOM  TEMPERATURE  WITH  FRESHLY 
MIXED  RESIN-HARDENER  SYSTEMS 
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